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rary between the zoil's ID and its outer diameter, OD. In designing
-0lls for high current density, the ability to compute these changes
cecomes certinent, mainlv because it affects the minimum available
clearance between the coll's loops.

UNCLASSIFIED

40  SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE /When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
'. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89012
4. TITULE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
i Final Report
ADVANCED TANK GUN PARAMETRIC STUDY (U) Dec 1986 - Nov 1987

6. PERFORMING ORG. REPORT NUMBER

7. AUTHMOR(a) 8. CONTRACT OR GRANT NUMBER(s)

Steven L. Morris

3. PERFORMING QRGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK
' - AREA & WORK UNIT NUMBERS
J.5. Army ARDEC

MCMS No. .23, .
3enet Laboratories, SMCAR-CCB-TL ’;R%N?SVZO lié{éjsg“llgfc-o 0AR
waterviiet, NY 12189-4050 N0 - AR

"' CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

C.5. Army ARDEC May 1989

-.0se Combat Armaments (Center T3, NUMBER OF PAGES

Picatinny Arsenal, NJ 07806-5000 37

‘4 MCNITCRING AGENCY NAME & ADORESS(If ditfarent from Controlling Office) 15. SECURITY CLASS. (of thia report)
SECRET

T8a. DECL ASSIFICATION/DOWNGRADING
HEDUL
QADR

6. TISTRIBUTION STATEMENT (of this Report)

Jistribution limited to Department of Defense only because of specific
authority; May 1989, Other requests for this document must be referred to
Commander, US Army Armament Research, Development, and Engineering Center,
ATTN: Benet Laboratories, SMCAR-CCB-DS, Watervliet, NY 12189-4050.

7 DISTRIBUTION STATEMENT (of the sbatract ontered in Block 20, !f ditferent from Report)

Approved for public release; distribution unlimited,

'8. SUPPLEMENTARY NOTES

‘3. KEY WORODS (Continue on reverse side ([ necessary and identity by bSlock aumber)
Tank Guns

Kinetic Energy Penetrators

Interior Ballistics

Chemical Energy Warheads

210, ABSTRACT (Comtinue em reverse oide /! neceesary aad /denstify By block numbder)
The study was performed in order to determine what characteristics would be
desirable in future tank guns. The future was defined as the 2005-2010 time
frame. Consideration was given to physical parameters, such as length of
travel, chamber volume, etc,; to current and projected areas of ammunition
development; and to projected threats for the time frame under consideration.
Due to the nature of the role of tank guns, the analysis of kinetic energy
projectiles is given the primary emphasis, although secondary rounds are
(CONT'D ON REVERSE)

DD ,"S°%, 1473 coimom oF 1 wov 6315 oBsOLETE UNCLASSIFIED

41 SECURITY CLASSIFICATION QF THMIS PAGE /When Dete Entered)




R R R Ty

SECURITY CLASSIFICATION OF THIS PAGEWhen Data Entered)

20. ABSTRACT (CONT'D)

considered. A configuration for future tank guns is proposed, and
several suggestions for future work are made.

UNCLASSIFIED

42 SECURITY CLASSIFICATION OF TWIS PAGE When Dara Enrered)




SECURITY CLASSIFICATICON OF THIS PAGE "When Data Entered)

REPORT DOCUMENTATION PAGE BEFOR oD TIONS e
1. REPORT NUMBER 2. GOVT ACCESSION NO.J4 3. RECIPIENT'S CATALOG NUMBER
ARCCB-SP-89013
4. TITLE (and Subritle) 5. TYPE QF REPORT & PERIOD COVERED
INDEX TO BENET LABORATORIES
TECHNICAL REPORTS - 1988 Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(Ss) 8. CONTRACT OR GRANT NUMBER(s)

R. D. \eifeld

9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGR&AMOERLEMENTT. PROJEERCST. TASK
AREA w K UNIT NUMB
US Army ARDEC

Benet Laboratories, SMCAR-CCB-TL

/
Watervliet, \Y 12189-4050 N/A
'1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Armv ARDEC May 1989
Close Combat Armaments Center 13. NUMBER OF PAGES
Picatinnyv Arsenal, \NJ 07806-5000 109
14. MONITORING AGENCY NAME & ADDRESScIf different from Controlling Oftice) 1S. SECURITY CLASS. (of this report)
UNCLASSIFIED
15a. DECLASSIFICATION, DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, !t different from Report)

18. SUPPLEMENTARY NOTES

13. KEY WOROS (Continue on reverse side if necesasary and identify by block number)
Benet Laboratories

Technical Publications

Bibliography

Abstracts

Document Control Data

20. ABSTRACT (Cootinue am reverse sidw /f mecessary and |dentily by dlock number)

This is a compilaticn of technical reports published by Benet Laboratories
during 1988,

DD 1 52::.73 ]473 EDITION OF ' NOV 65 1S OBSOLETE

UNCLASSIFIED

43 SECURITY CLASSIFICATION OF TMIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

44 SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T."REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIFIENT'S CATALOG NUMBER
ARCCB-TR-89014
A TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

STRESS INTCNSITY FACTORS AND DISPLACEMENTS

FOP ARC BEND SAMPLES USING ZOLLOCATION Final

§. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
J. A. Kapp
9. PERFORMING ORGANIZATION NAME AND ADCRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBEFRS

C.3. Armv ARDEC
Senet Laboratories, SMCAR-CCB-TL
watervliet, NY 121829-4050

AMCMS No., 612105.H840011
PRON No. 1A62ZH7CNMSC

1. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE
C.5. Armv ARDEC June 1989
Close Combat Armaments Center 13. NUMBER OF PAGES
Pizatinny Arsenal, NJ 07806-5000 25

14, MONITORING AGENCY NAME & ADDRESS(I! dilferent from Controlling Otlice) 18. SECURITY CLASS. (of thie report)

UNCLASSIFIED

1Se. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16, OISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

s

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, if different from Repart)

18. SUPPLEMENTARY NQTES
Presented at the Eighteenth ASTM National Symposium on Fracture Mechanics,
Boulder, Colorado.
Published in Proceedings of the Symposium.

19. KEY WORDS (Continue on reverse side I{ necessary and identily by dlock number)
Fracture Mechanics
Fracture Toughness Testing
Boundary Collocation
Arc-Shaped Fracture Toughness Specimens

20. APSTRACT (Continue an reverse ofdv /! naceesary and Identify by block number)

Stress intensity factors, crack mouth opening displacements, and load-line

displacements were determined for the arc bend-chord support specimen using

boundary collocation. Several inner radius (r;) to outer radius (r,) ratios

were studied at each of two span (S) to width (W) ratios. The actual solution

matrix is for S/W = 3, ry/r, = 0.8, 0.6, 0.4, and for S/W = 4, rl/rz = 0.8,

0.7, 0.6. Also, the three-point bend single~edge specimen (SE(B)) at both

S/W = 3 and S/W = 4 was studied to examine the limiting behavior of the
(CONT'D ON REVERSE)

DD . on'y 473  eotmion orF 1 nov 63 13 ossoLETE UNCLASSIFIED

45 SECURITY CLASSIFICATION GF THIS PAGE (When Dere Entered)



SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (CCNT'D)

senerated solutions. For all of the S/W = 3 cases, sclutions were
obtained Zfor crack length to width ratios (a/W) from 0.2 to 0.6, and

n the S.W = 1 cases, a/W was varied from 0.2 to 0.5. The solutions

TR

were cbtained by the linear supercosition of a pure bending stress, a
cure shear stress, and 2 uniform normal stress on an annular segment.
The macnitudes of the individual components derended upon the size of
Zne annular secment and the 3.W ratio. Wide range expressions were ‘it
tc the numerical scluticns to make them acplicable over a wider range
52 testingy conditions and Zor inclusicn in future revisions of E-399

cn flane-Strain Fracture Touchness Testing.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

46




SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

7. REPORT NUMBER 2. GOVT ACCESSION NOJ
ARCCB-MR-89015

3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtttie)

FEPCRT Cii TEE CEVELOPMENT OF NONDESTRUCTIVE
TESTING CRITEPIA FOR THEE 120-:2! X£43230

S. TYPE OF REPORT & PERIOD COVERED

Final

PPOJECTILL ECDY

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

- -

. i 5 m .
v. A, ¥arvr anc F. T. aooott

s r——————————
8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATICN NAME AND ADORESS
C.S. Armv LPDE
Zenez lLatoratories, SMCRP~CC2-TL
ater-lies, U7 1212¢-4050

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

AMCMS No. 7280.12.1200.00
PRON No, 1AS52NZMZ1AlA

11, CONTROLLING DFFICE NAME AND ADORESS
T.E. Army XEDEC
Clcse Comkat Ar-arents Center

Silcztinnee hrseral, 0 D720E-32707

12. REPOART DATE
June 1989

'3. NUMBER OF PAGES
17

14, MONITORING AGENCY NAME & ADODRESS//! diiferant from Conitroliing Olfice)

1S. SECURITY CLASS. (of thie report)

UNCLASSIFIED

15a. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. ODISTRIBUTION STATEMENT (of the abetrect entered In Block 20, Il dilferent froe: Report)

18. SUPPLEMENTARY NOTES

19. KEY WORODS (Continue on reverse side Il neceesary and |dentily by dlock number)
11230

AT Tounds

troiectiles

Fracture

llondestructive Testing

20. APSTRACT (Cortinue an reverse sidv i nesevsery and identify by block number)
teen develored.
determined.

large production of this component.

The ncndestructive testing defect criteria for the 120-mm 830 EEAT round have
2ased on a finite element stress analvsis of iaunch stresses
performed at ARDEC, an estimated stress intensity factor (XK) solution has keen
Fracture toughness measurements on several M830 projectile bodies
are made to determine the range of fracture properties that are expected in
The limiting sizes of allowakle defects
are determined by combining the K solution with the fracture toughness

{CONT'D ON REVERSE)

oy 1473 eormon orF 1 wov 63 1s oesoLeTE

UNCLASSIFIED

47 SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entersd)




SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)

20. ABSTRACT (CCuiT'D)
measurements. Alt
failures of the 152 ue to mater
exrected useful life kecause of
with conservative assumctions and

the lize

hcuch no statistical analysis is cerformed, no launch
c 3 ial defects are anticiprated durinc its

rzl safetv factcrs 3

rirc Judcment.

used 3.cnc

encinee

48

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE/When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
T REFORT NUMBER 7. GOVT ACCESSION NOJ| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR=-89016
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

FRACTURE AND THREE-DIMENSIONAL STRESS AlALYSES
CF 7075 ALUMINUM PROJECTILE COMPONENTS UNDER
SPIN AND INERTIA LOAD

Final
6. PERFORMING ORG., REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

J. E. Underwood, M. A. Scavullo, G. P. O'Hara,
and B. A. ¥onrad (See Reverse)

9, PERFORMING ORGANIZATION NAME AND ADDRESS 10, PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
1
oS, Ammy ARDEC o e AMCMS No. 6111.01.91A0.000
Benet Léboracorles, SMCAR-CCB-TL PRON No. lA7BZ701NMSC
watervliet, Y 12129-4050
11, CONTROLLING OFFICE NAME ANDO ADDRESS 12. REPORYT DATE
C.S. Army ARDEC June 1989
Close Combat Armaments Center 13. NUMBER OF PAGES
Picatinnv Arsenal, NJ 07306-5000 20

T4, MONITORING AGENCY NAME & ADDRESS(/! different {rom Controlling Olfice) 18, SECURITY CLASS. (of this report)
laterials Research Laboratories
Cefence Science and Technology Organisaticn UNCLASSIFIED .
P.C. Eox 50, Ascot Vale T5a, DECLASSIFICATION/ DOWNGRADING

. . . SCHEDULE
Victoria, 3022, Australia
16, OISTRIBUTION STATEMENT (of thie Report)

Approved for.public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, I different from Report)

18. SUPPLEMENTARY NOTES
Portions of this work were performed at Materials Research Laboratories,
Australia. Presented at the 1987 Symposium of the Australian Fracture
Group, University of Sydney, 24-25 August 1987, Published in Proceedings
of the Symposium,

19. KEY WORDS {Continue on reverse side if necessary and Identily by block numBer)

Stress Analysis Failure Energy
Fracture Mechanics High Strength Aluminum
Finite Elements Armament Components

20. ABSTRACT (Coutfoue e reverse side It necoesary ad !dentify by block number)
A fracture case study of a high strength aluminum projectile component sub-
jected to inertial and spin loading during launch from a cannon is oresented.
A three-dimensional finite element model was used to calculate the projectile
stresses and to determine which of the several types of loading was the
primary cause of failure. A design change to minimize spin loading resulted in
a significantly reduced failure incidence. Mechanical and fracture mechanics
tests of the aluminum were performed in order to determine material

(Cont'd on Reverse)

FORM
DD\ jamn 1473 EDITION OF ! NOV 63 1S OBSOLETE

49 SECUMTY CLASSIFICATION OF THIS PAGE (Wiren Date Entersd)



SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

7. AUTHORS (Cont'd)

B. A. Xonrad

C.5. Armv ARDEC

Close Ccmbat Armaments Center
Tank Ammuniticn Branch B
Picatinnv Arsenal, NJ 07806-5000

to
(@]

sgecifications which could prevent
failure test similar to the Charpy

Zlscriminating.

failures in the future. An energy-to-
test was found to be the most

UNCLASSIFIED

50 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entsred)




SECURITY CLASSIFICATION OF TKIS PAGE ‘When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORT NUMBER Z. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR-89017
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Final
6. PERFORMING ORG, REPORT NUMBER

CCHMPRESSICH MCLDING OF FTIZER GLASS/EPCXY
EALIDGUARDS FCR TEE SFLM ADVANCED COMBAT

RITLE
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a)
evin 2. llirer
9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK
e~ s AREA & WORK UNIT NUMBERS
C.3. Army ARDEC
Zenet lakcratories, ZMCAR-CCE-TL AMCMS No, 6236.07.6270.0
waterwliet, Y 12139-4052 PRON No. lA-8~3Z8CD-NMSC
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
~.3. Armv ARDEC July 1989
Zlcse Ccmbat Armaments Center 13, NUMBER OF PAGES
inn Arsenzl, C 07306-3000 21

14. MONITORlN‘G AGENCY NAME & AODORESS(If diffarent {rom Controlling Oflice) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT fof thia Report)

Arproved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract sntered in Block 20, !{ di{ferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WQRDS (Continue on reveree side i{ necessary and identify by block number)

~sdvanced Comkbat RPifle Compression Moldinc
“irer %lass/Epoxv Ccmposites Composites Fabricaticr
Zomposite llaterials Filament Winding

20. ABSTRACT (Continue em reverss siaw {f mecwesary aod identify by dlock number)

A ncvel compression molding process was used to fabricate a lichtweicht, high-
strensth continuous filament fiber glass/epoxy handcuard for the advanced
combat rifle. This process involved placing a filament wound preimrregnated
rreform intc a fiber glass/epoxy mold with a room temperature vulcanized (RTV)
rubber top cover and subjecting it to an autoclave cycle. A well-comracted
and durable structure was easily and aquickly produced utilizinc this technigue.

FORM
DD , JAN 73 1473 Eo01TiomN OF 1 OV 65 1S OBSOLETE UNCLASSIFIED

51 SECURITY CLASSIFICATION GF THIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

52 SECURITY CLASSIFICATION OF THIS PAGErWhen Deta Entered)




SECURITY CLASSIFICATION OF THIS PAGE /When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR-89018

TITLE (and SubI“lO) 5. TYPE OF REPORT & PERIOD COVERED
APPLICATICNS AND LIMITATIONS OF FINITE ,
SLEMENT ANALYSIS TO ARMAMENT COMPONENTS Final

6. PERFORMING ORG. REPORT NUMBER

AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a)

J. H. Underwoccd

PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS
C.S. Armv ARDEC

AMCMS No. 6126,24.1BLO.0AR

%enet Lgbcratories, ZMCAR-CCB-TL PRON No. 1A72ZH7ONMSC
waterwliet, NY 12139-4050

11. CONTROLLING OFFICE NAME AND AODRESS 12. REPORT DATE
C.S. Army ARDEC July 1989
Clcse Ceombat Armaments Center 13. NUMBER OF PAGES
Picatinny Arseral, !IJ 07306-5000 22

14. MONITORING AGENCY MAME & ADORESS(!If different from Controlling Office) 1S. SECURITY CL ASS. (of this report)

UNCLASSIFIED

1Se. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited,

17. OISTRIBUTION STATEMENT (of the abstract antered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Presented at the Fifth International Conference in Australia on Finite
Element Methods, University of Melbourne, 19-21 August 1987.
Published in Proceedings of the Conference.

KEY WORDS (Continue on reverse side (f necessary and identify by block number)

Finite EClements Fracture Tests
fracture Mechanics Fatigue
Stress Analysis Notch Stress

Armament Components

20. ABSTRACT (Coantinue em reverss sivw /f meceesery aod ideatity by block number)

A review of three aprlications of finite element methods for stress, disrlace-
ment, an<d stress intensity factor analyses of various armament components is
rresented. First, stress analysis of sections from outside diameter notched
cylinders was performed to describe the cylinder's fatigue life behavior.
Second, stress analysis methods for long rod projectiles subjected to inertial
loading were iJeveloped; the stresses at a failure locaticn of a projectile were
used to help explain the failure and were related to results of mechanical

(CONT'D ON REVERSE)

FORM
DD | jax 3 473  EDITION OF 1 NOV 65 1S 0BSOLETE

UNCLASSIFIED
53 SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ABSTRACT (CONT'D)

tests of the projectile and the projectile material. Last, stress
intensity factor and displacement analyses of fracture mechanics test
crecimens were performed to reccmmend standardized test procedures.
Stress intensity factor and load-line displacement solutions were
ckbtainedé for three-point bend, arc-shaped specimens which can be
conveniently cut from cvlindrical vessels and pipes. The finite element
sclutions were ccmrared with collocation solutions for the same and
similar cecometries.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)

o4




SECURITY CLASSIFICATION OF THIS PAGE /When Data Entered)

READ INSTRUCTIONS
T REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89019
4. TITLE (and Subsitle) 5. TYPE OF REPORT & PERIOD COVERED

AUTOFRETTAGE--STRESS DISTRIBUTION UNDER LOAD

Final
AND RETAINED STRESSES AFTER DEPRESSURIZATION

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)

Bpaz Avitzur

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
~ AREA & WORK UNIT NUMBERS
C.S. Armv ARDEC

Benet Laboratories, SHMCAR-CC3-TL §§E§SVN0.4233§;33}2i20.012
vatervliet, MY 12189-4050 e

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
C.3. Army ARDEC July 1989
Clese Combat Armaments Center 13. NUMBER OF PAGES
Sicatinny Arsenal, NJ 07806-30C0 39

14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Oftfice) 15. SECURITY CL ASS. (of this report)

UNCLASSIFIED

15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, !f different from Report)

18. SUPPLEMENTARY NOTES
Presented at informal discussions with representatives of industry and
academia at industrial and educational facilities in Israel between
29 Movember and 21 December 1988,

19. KEY WOROS (Continue on reverse side i{ necessary and identity by block number)

Autofrettage Tresca's Yield Criterion
Thick-walled Tubes Mises' Yield Critericn
Ztress Distribution Plane-Stress

retalned Stresses Plane-Strain

20. ABSTRACT (Comtfous en reverse side if meceevary and identity by block number)

There is a long-standing interest in developing a capability to predict the
distribution of retained stresses in thick-walled tubes after the removal of an
internal pressure--post autofrettage. 1In this report, four different methcds
of calculating such stresses are presented and compared. The methods

presented are based on the following assumed yield criteria and deformaticn
conditions:

(Cont'd on Reverse)

DD .:2::",, 1473 €D1Tion OF 1 MOV 65 1S 0BSOLETE UNCLASSIFIED

55 SECURITY CLASSIFICATION OF THIS PAGE (When Datas Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ABSTRACT (CONT'D)
1. Tresca's yield criterion
2. Tresca's vield criterion times 2/v3

3. Mises' yield criterion in plane-stress

4. Mises' vield criterion in plane-strain

UNCLASSIFIED
SECURITY CLASSIFICATION QF THIS PAGE(When Data Entered)

56




SECURITY CLASSIFICATION OF THIS PAGE /When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE s AD DISTRUCTIONS
1. REPORT NUMBER 2. GOVT ACCESSION NQ.| 3. RECIPIENT’S CATALOG NUMBER
ARCCB-TR-89020
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

THE INFLUENCE OF TRANSIENT FLEXURAL WAVES ON

DYNAMIC STRAINS IN GUN TUBES Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(») 8. CONTRACT OR GRANT NUMBER(a)

Thomas E. Simkins

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT PROJECT TASK
U S ARDEC AREA & WORK UNIT NUMBERS
e Y . AMCMS No. 6111.02.H610,0
Benet Laboratories, SMCAR-CCB-TL PRON No. LAG4Z9CANMSC
Watervliet, NY 12189-4050 ‘

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army ARDEC August 1989
Close Combat Armaments Center 13, NUMBER OF PAGES
Picatinny Arsenal, NJ 07806-5000 34
14, MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Oflice) 15. SECURITY CLASS. (of thia report)
UNCLASSIFIED
1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

Aprproved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, !f diftfarent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide if necessary and identify by block number)
Waves
Wave Propagation
Transient Vibrations
Steady-State Vibrations
Flexural Vibrations of a Cylinder

20. ABSTRACT (Toxrtioue en reverse side /f meceesary aod identify by block number)
Transient waves or vibrations can be excited in several ways as ballistic
pressure traverses the length of a gun tube. This report shows that despite
their diversity., these transients will constructively interfere with the
steady-state deformation in a highly predictable way to cause alternating
regions of high circumferential strain along the tube. The method of
stationary rhase plays a key role in the analysis.

DD , o0, 1473  Eeoimowm oF 1 nov 63 15 0BSOLETE UNCLASSIFIED

57 SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)




SECURITY CLASSIFICATION QF THIS PAGE(When Data Entered)

58 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entersd)



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO,

ARCCB-TR-89021

3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle)

EFFECTS OF VARYING PLATING PARAMETERS
ON THE LONGITUDINAL DISTRIBUTION OF LOW
CONTRACTION CHROMIUM IN LONG GUN TUBES

5. TYPE OF REPORT & PERICD COVERED

Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(S)

John C. Askew

8. CONTRACT OR GRANT NUMBER(a)

9. PERFORMING ORGANIZATION NAME AND ADORESS
U.S. Army ARDEC

Benet Laboratories, SMCAR-CCB-TL
watervliet, NY 12189-4050

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

AMCMS No, 6126.23.1BLO.0OAR
PRON No. 1A72RZVENMSC

11, CONTROLLING OFFICE NAME AND ADDRESS
U.S. Army ARDEC

Close Combat Armaments Center
Picatinnyv Arsenal, NJ 07806-3000

12. REPORT DATE
August 1989

13, NUMBER OF PAGES
23

14, MONITORING AGENCY NAME & ADORESS(If diffarent from Controlling Ottice)

1§. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

technology; August 1989,

Center, ATTN:

Distribution limited to Department of Defense only because of critical
Other requests for this document must be referred
to Commander, U.S. Army Armament Research, Development, and Engineering
Benet Laboratories, SMCAR-CCB-SAP, Watervliet, NY 12189-4050.

17.

DISTRIBUTION STATEMENT (of the abstract entered in Block 20, I diffarent from Report)

Approved for public release; distribution unlimited,

18. SUPPLEMENTARY NOTES

19. KEY WOQRDS (Continue on reverse side !{ necessary and identify by block number)
Low Contraction Chromium

Critical Length

Taper

Reynolds Number

Linear Regression

20. ABSTRACGT (Cootinue an reverss side /f meceesary aod !dentify by dlock number)

in long gun tubes,
the relevant plating parameters,
applicable to 155-mm rifled tubes in leugths of 300

This report is a quantitative description of the effects of varying flow rate,
plating time, and anode spacing on the deposition of low contraction chromium
Linear regression is used to develop a model which relates
The limited data yield results specifically

inches or less.

FORM
JAN T3

DO , 473

EDITION OF ! NOV 65 1S OBSOLETE

UNCLASSIFIED

59

SECURITY CLASSIFICATION QF THIS PAGE (When Dacta Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

60  SECURITY CLASSIFICATION OF THIS PAGE!When Date Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89022
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

DETERMINATION OF CHROMIC ACID IN CHROMIUM

Final
PLATING SOLUTIONS USING A REDOX TITRATION — —Trons =
AND INDICATOR . PERFORMING ORG. NUM
7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(a)
Samuel Sopok
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT. TASK

AREA & WORK UNIT NUMBERS
AMCMS No. 6126.23.1BL0O.0O
PRON No., 1A92ZNACNMSC

U.S. Army ARDEC
Benet Laboratories, SMCAR-CCB-TL
Watervliet, NY 12189-4050

11 CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE
U.S. Army ARDEC August 1989
Close Combat Armaments Center 13, NUMBER OF PAGES
Picatinny Arsenal, NJ 07806-5000 1l

T4, MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) 1S. SECURITY CLASS. (of thias report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Arproved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered [n Block 20, {f different from Report)

18. SUPPLEMENTARY NOTES

Submitted to Plating and Surface Finishing.

19. XEY WORDS (Continue on reverae side | necessary snd identify by block aumbdr)
Chemical Analysis
Chromic Acid
Chromium Plating Solutions
Redox Titration
Redox Indicator

20. ABSTRACLT (Cartfnue e reverse siulr /f mreceevary aod !dentify by dlock number)
The chemical literature lacks a simple analytical method for adequately
controlling chromic acid in chromium plating solutions during the plating
process. In this report, a simple method for analyzing and controlling
chromic acid during the plating process is presented. The optimum operating
range of chromic acid is 240 tc 260 g/l1 and the resulting precisions are in
the range of 0 to 2.5 g/1, providing adequate control of these plating
solutions supported by five years of testing.

FoRM
DD , ey 73  EDITION OF 1 MOV 63 15 OBSOLETE UNCLASSIFIED

61 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

.



SECURITY CLASSIFICATION OF THIS PAGE(When Data Enter~d)

62 SECURITY CLASSIFICATION OF THIS PAGE/When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Dats Enterod)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

t. REPORT NUMBER 12. GOVTY ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR-89023

4. TITLE (and Subtitle)

ANALYTICAL COMPARISCN OF THE ACCURACY COF

TANK WEAPCNS

S. TVRE OF REPORT & PERIOD COVERED

Final

6. PERFORMING ORG., REPORT NUMBER

7. AUTHOR(Ss)

Ronald G. Gast

8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME AND ADDRESS
U.S. Army ARDEC
Benet Laboratcries, SMCAR-CCB-TL
wWatervliet, NY 12189-4050

10. PROGRAM ELEMENT, PRQJECT, TASK
AREA & WORK UNIT NUMBERS

AMCMS No. 6126.23.1BLO.C
PRON No. lA92ZPHSNMLC

'1. CONTROLLING QF FICE NAME AND ADDRESS
U.S. Army ARDEC
Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

'2. REPORT DATE

September 1989

13, NUMBER OF PAGES
39

"4, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CL ASS. (of thia rejort)

UNCLASSIFIED

1Se. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Distripution limited to Department of Defense only because of critical
-achnclogy; September 1989, Other reguests for this docunent must be
rererred to Commander, U.S. Army Armament Research, Development, and
Engineering Center, ATT!l: Benet Laboratories, SMCAR-CCB-DC,

watervliet, NY 12189-4050.

17. DISTRIBUTION STATEMENT (of the abstract sntered In Block 20, {f different from Report)

Arproved for public release; distribution unlimited,

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side i(f necessary and !dentity by block number)

Tank Weapons
Gun Dynamics
Vibrations

Non-uniform Beams
Accuracy
Modal Analysis

20, ABSTRACT (Cogtinue an reverss side if neceweary sxd identity by block number)

Contemporary military strategists emphasize the importance of increased
mobility, lethality, and survivability for kattle tanks earmarked for the
twenty-first century. This impels the developers of tank armament to deliver
lighter cannons which are more lethrl yet less vulnerable than their prede-
cessors. Therefore, vibration and its impact upon shot accuracy as well as
strength must be considered in the design of current lightweight tank guns.

(CONT'D CN REVERSE)

FORM
DD |, jan 3 1473 E01TiON OF 1 MOV 65 15 0BSOLETE

63

UNCLASSIFIED
SECURITY CLASSIFICATION OF TMIS PAGE (When Dara Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

-~

“

0.

ABSTRACT (CONT'D)

The Uniform Segment Methed (USM) is a modal analysis technique for deter-
mining the transient vibration response of large caliber weapons driven by
the classical gun/keam lcads. It was devised for use in the design loop of
new tank weapons. In this report, the accuracy of tank armament in
development is compared to the fielded systems which they replace. A
number of new design features which have been incorporated into the design
are addressed in regardé to their impact upon shot accuracy.

UNCLASSIFIED

()‘1 SECURITY CLASSIFICATION OF THIS PAGE’When Dats Entered)




SECURITY CLLASSIFICATION OF THIS PAGE When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR-89024

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

CPTIMIZATION OF PLATING PARAMETERS FOR LOW

CONTRACTICK CHRCMIUM ELECTRODEPOSITS Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT CR GRANT NUMBER(s)

S. K. Pan, M. D. Mil er, and F. J. Nelson

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT PROJECT, TASK
. AREA & WORK UNIT NUMBERS
U.S. Army ARDEC

Benet Labcratories, SMCAR-CCB-TL 2QE§SVNO’l;;;;ég2éigéo'gll
Watervliet, NY 12189-4050 XCN No. ANM

1, CONTROLLING OFFICE NAME AND ADDRESS t2. REPORT DATE
U.S. Army ARDEC October 1989
Clcse Combat Armaments Center 13. NUMBER OF PAGES
Picatinny Arsenal, NS 07806-5000 22

14, MONITORING AGENCY NAME & ADORESS(!f different from Controlling Office) 1S. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

6]

acproved Icr public release; distribution unlimited,

7. DISTRIBUTION STATEMENT /of the abstract entered in Block 20, {{ diffarent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side {{ necessary and Identify by block numbler)

Chromium
Plating

Low Contraction
Crack-Free

20. APSTRACT (Contioue an reveree side /f receesary aod identify by block number)
Electrodeposition of low contraction (LC) chromium has been investigated in
order to deposit a high tensile strength and crack-free chromium coating. The
plating parameters--current density, chromic acid/sulfuric acid ratio, and
chromium(III) concentration--were varied and a systematic study was perfcrmed.
A chromic acid concentration of 250 g/1 and a bath temperature of 85°C were
maintained constant throughout the study. The deposit is crack~free having a
typical cclumnar microstructure of fibrous grains with a <211> preferred
(CONT'D ON REVERSE)

DD , 22", 1473  eotmiom oF 1 nOV 6515 0BSOLETE UNCLASSIFIED

65 SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ABSTRACT (CCNT'D)

orientation. Cn the basis of mechanical properties of the derosits,
optimum plating conditions were found, i.e., 97 A/dm2 current density,
10C/1 acid ratio, and 4.0 g/l chromium(III; concentration. Witk the
eptimum plating conditions, a tensile strength of 87,000 psi and hardness
of 76C KHN were obtained from the deposit.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

66




UTY CLASSIFICATION OF THIS PAGE ‘When Dete Entered)

REPORT DOCUMENTATION PAGE BEF O N B O RM

2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

PORT NUMBER

ZCB-TR~-89025
TLE (and Subtitle)
TERMINATION OF SULFURIC ACID IN ANODIZING AND Final

RDCOATING SOLUTIONS BY ACID~BASE TITRATION

"ING A pH METER 8. PERFORMING ORG. REPORT NUMBER

$. TYPE OF REPORT & PERIOD COVERED

JTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

amuel Sopok

SRFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT,  PROJECT, TASK
A AREA & WORK UNIT NUMBERS

-S. Army ARDEC AMCME No. 6126.23.1BL0.0
anet lLaboratories, SMCAR-CCB-TL PRON No. 1A92ZNACNMSC

atervliet, NY 12189-4050
IONTROLLING QFFICE NAME ANO ADORESS

.S. Army ARDEC

12. REPORT DATE
October 1989

13. NUMBER OF PAGES

lcse Combat Armaments Center
icatinny Arsenal, NJ 07806-5000 12
MONITORING AGENCY NAME & ADDRESS(I! different {rom Controiling Qtlice) 1S. SECURITY CLASS. (of thie report)

UNCLASSIFIED
1Sa. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

JISTRIBUTION STATEMENT (of this Report)

.orroved for public release; distribution unlimited.

JSTRIBUTION STATEMENT (of the abatract satered in Block 20, It different from Repart)

SUPPLEMENTARY NOTES

lubmitted to Plating and Surface Finishing.

KEY WORDS (Continue on reverse side {f necessary and |dentity by block number)
Chemical Analysis Aluminum Finishing Solutions
Sulfuric Acid Acid-Base Titration

Anodizing Solutions PH Meter
Hardcoating Solutions

. ABSTRACT (Coutioue am reverse sidy /! nacessary axd |dentity by block number)
The chemical literature lacks an acceptable analytical method for adequately
monitoring sulfuric acid in aluminum finishing solutions during the finishing
processes. These solutions include anodizing and hardcoating solutions. 1In
<his report, an improved method is presented that provides acceptable aralysis
and monitoring of this acid during the finishing processes. The optimum
operating ranges of this acid are 90 to 150 g/l and 120 to 150 g/l for the

respective anodizing and hardcoating solutions. The resulting precisions are
(CONT'D ON REVERSE)

FORM
‘7 3 EOITION OF ! MOV 63 1S OBSOLETE
W\ imen UNCLASSIFIED
67 SECURMTY CLASSIFICATION OF THIS PAGE (When Dota Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (CCNT'D)

in the rance of 1 to 3 g/l1, providing adequate monitoring of these metal
finishing solutions suprorted by seven years of testing.

I ACCTDTTR




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
T REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89026
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

DETERMINATION OF IRON IN CHROMIUM PLATING AND

Fina
POLISHING SCLUTIONE BY ATOMIC ABSORPTICN nal
SPECTROMETRY 6. PERFORMING ORG., REPORT NUMBER
7. AUTHORC(s) 8. CONTRACT OR GRANT NUMBER(®)
Samuel Sopok
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK

AREA & WORK UNIT NUMBERS
ANCMS No. 6126.23.1BL0O.9J
PRON No. 1A92ZNACNMSC

U.S. Army ARDEC
Benet Laboratcries, SMCAR-CCB-TL
Watervliet, NY 12189-4050

. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army ARDEC October 1989
Close Combat Armaments Center 13. NUMBER OF PAGES
Picatinny Arsenal, NJ 07806-5000 10

MONITORING AGENCY NAME & ADORESS(IZ different from Controlling Office) | 15. SECURITY CLASS. (of thia report)

UNCLASSIFIED

1Sa, DECL ASSIFICATION/ OOWNGRADING
SCHEDULE

DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)

. SUPPLEMENTARY NOTES

Submitted to Plating and Surface Finishing.

. KEY WORDS (Continue on reverse side !l necessary and !dentify by block numbér)

Chemical Analysis

Iron

Chromium Plating Solutions
Polishing Solutions

Atomic Absorption Spectrometry

20.

ABSTRACT (CTaontinue an reverse oide /f neceevary axd identify by block number)

The chemical literature lacks a specific analytical method for adequately
monitoring iron in chromium plating and polishing solutions during the plating
and polishing processes. In this report, a specific method is presented for
analyzing and monitoring iron during these processes. The cptimum operating
range of the iron is generally around 10 g/l maximum in both the chrcmium
plating and the polishing solutions. The resulting precisions are in the
range of 0.5 to 1.5 g/1, providing adequate monitoring of these solutions
supported by six years of testing.

FORM
DD | ax 7» 1473 ED1TiON OF 1 MOV 6S IS 0BSOLETE

UNCLASSIFIED

69 SECURITY CLASSIFICATION OF THIS BAGE (When Dats Entersd)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

70 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORT NUMBER Z GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR-89027
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

ELASTIC-PLASTIC ANALYSIS CF A THICK-WALLED Final
CCMPCSITE TUBE SUBJECTED TO INTERNAL PRESSURE

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(a)

Peter C. T. Chen

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK

AREA & WORK UNIT NUMBERS
U.S. Army ARDEC AMCMS No, 6437.97.C120.012
Benet Laboratories, SMCAR-CCB-TL PRON No. 4ASHFS8YBLA/F
Watervliet, NY 12189-4050

11. CONTROLLING OFFICE NAME AND ADDRESS 2. REPORT DATE

U.S. Army ARDEC Cctober 1989
lose Combat Armaments Center 3. NUMBER OF PAGES

Picatinnv Arsenal, NJ 07806-5CC0 15

14, MONITORING AGENCY NAME & ADDRESS(If ditferent {rom Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Arproved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Black 20 {f different from Report)

18. SUPPLEMENTARY NOTES
Presented at the Seventh Army Conference on Applied Mathematics and Computing,
Z.3, Military Academy, West Point, NY, 6-9 June 1989,
Published in Proceedings of the Conference.

19. KEY WORDS (Continue on reverse side if necessary and identify by block numbaer)

Composite Jacket

Steel Liner
Elastic-Plastic Analysis
Thick-Walled Tube

20. ABSTRACT (Cantfnue en reverse sidw /! meceesary and !dentify by block number)

This report presents an elastic-plastic analysis of a thick-walled composite
tube subjected to internal pressure. The composite tube _s constructeé of a
steel liner and a graphite~bismaleimide outer shell. Analvtical expressicns
for stresses, strains, and displacements are derived for all cases where the
structure is subjected to internal pressure. The loading ranges include
elastic, elastic-plastic, and fully-plastic up to failure. Numerical results
for the hoop strains in several composite tubes are presented.

FORM
DD , feety 1473 EDtmom OF ! NOV 65 15 0BSOLETE UNCLASSIFIED

71 SECURITY CLLASSIFICATION OF THIS PAGE When Dete Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

72  SECURITY CLASSIFICATION OF THIS PAGE(When Daca Entered)




SECURITY CLASSIFICATION OF THIS PAGE /When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEF O OB B oM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89028
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERICD COVERED
TEERMAL STUDY OF THE 120-MM M256 CANNCN TUBE Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(as) 8. CONTRACT OR GRANT NUMBER(s)

B. Artus ané R. Hasenbein

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::22RaA:oERLKEhJS:‘TT'NPURMOBJEEg;' TASK
U.S. Army ARDEC AMCMS No. 6126.23.1BL0.0
Benret Labcratories, SMCAR-CCB-TL PRON NoO. 1AB82ZK24NMSC

N & . AN
watervliet, NY 12189-4050

11, CONTROLLING QFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army ARDEC OCctober 1289
Close Comkat Armaments Center 3. NUMBER OF PAGES
Picatinny Arsenal, NJ 07806-5000 34

14. MONITORING AGENCY NAME & ADDRESS/If diftferent from Controlling Office) 15. SECURITY CLASS. (of thia report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

6. DISTRIBUTION STATEMENT (of this Report)
Cistribution limited to Department of Defense and Department of Defense
contractors because of specific authority; Octcber 1989. Other reguests for
this document must be referred tc Ccmmander, US Army Armament Research,
Development, and Engineering Center, ATTN: Benet Laboratories, SMCAR-CCB-DA,
watervliet, WY 12139-4050,

7. DISTRIBUTION STATEMENT (of the sbstract snterad In Slock 20, /{ different {romm Report)

Approved for public release; distribution unlimited.

18. SUPPLEMENTARY NOTES

19. KEY WOROS (Continue on reverae side if necessary and identily by block number)

M256 Thermal Data

M256 Thermal Model

M256 Chamber Temperatures
M256 Cook-Off Potential

20. ABSTRACT (Continue en reverse side if necewsary sud idensify dy dlock number)

This report presents thermal data recently obtained during tests of the 120-mm
M256 canncn tube firing DM13 APFSDS-T ammunition. A thermodynamic model has
been calibrated which predicts tube temperatures using direct input frem an
interior ballistics code. Predictions have also been made (using the
calibrated model) of worst-case temperatures expected when firing various
types of 120-mm ammunition (DM13 APFSDS, M829 APFSDS, M829E]l APFSDS, and

M830 HEAT) from this cannon.,
(CONT'D ON REVERSE)

DD , %" 473 Eoimow of 1 nov 6515 cesoLETE
UNCLASSIFIED
73 SECURITY CLASSIFICATION QF THIS PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ABSTRACT (CONT'D)

Temperature predictions generated in this study should be adecuate for
assessing whether various ammunition r~omponents loaded into a hot 120-mm

M256 cannon tube will experience problems such as autoignition (i.e.,
ccok-off) or other thermal effects.

UNCLASSIFIED

74  SECURITY CLASSIFICATION OF THIS PAGE’Whan Date Entered)




ICURITY CLASSIFICATION OF THIS PAGE (When Data Zntered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

. REPORT NUMBER

ARCCB-TR-89029

L

2. GOVT ACCESSION NO,|

3. RECIPIENT’S CATALOG NUMBER

. TITLE (and Subtitle)

DOES ABSENCE OF SATURATION PRECLUDE STRONG
ELECTRON-PHONON COUPLING?

5. TYPE OF REPORT & PERIOD COVERED

Pinal

6. PERFORMING ORG. REPORT NUMBER

. AUTHOR(#)

L. V. Meisel

8. CONTRACT OR GRANT NUMBER(s)

‘. PERFORMING ORGANIZATION NAME AND ADDRESS.

U.S. Army ARDEC
Benet Laboratories, SMCAR-CCB~TL
Watervliet, NY 12189-4050

10. PROGRAM ELEMENT, PRQJECT, TASK
AREA & WORK UNIT NUMBERS

6111.02.H610. ‘11
1A82Z8CANMSC

AMCMS No.
PRON No,

1. CONTROLLING OFFICE NAME AND ADDRESS
U.S. Army ARDEC

Close Combat Armaments Centerxr
Picatinny Arsenal, NJ 07806-5Q00

12, REPORT OATE
November 1989

13. NUMBER OF PAGES

13

14, MONITORING AGENCY NAME & ADORESS(!! dilferent {rom Controlling Ollice)

15. SECURITY CLASS. (of this report)

UNCLASSIFIED

15a. DECL ASSIFICATION/DOWNGRADING

‘6. ODISTRIBUTION STATEMENT (of thia Reporet)

Approved for public release;

distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abetract sntered In Block 20, |f dl!ferent [rom Report)

18, SUPPLEMENTARY NOTES

Published in Journal of Physics:

Condensed Matter, Vol. 1,

1989, pp. 817-822.

Superconductivity
Electron-Phonon Interaction
Saturation

Electrical Transport

19. KEY WORDS (Continue on reverse side /f necessary and identify by block number)

Ziman phonon ineffectiveness are reported.

saturation in the normal state resistivity.
not preclude strong electron-phonon coupling.

20. ABSTRACT (Cootfmie en reverse sfde /f neceesary aod identify by dlock number)

Diffraction model calculations of electrical resistance for strong electron-
phonon coupling in two- and three-dimensional alloys incorporating Pippard-

| It is shown that in an electron-
phonon scattering-based theory, "although strong electron-phonon coupling is
necessary, it is not a sufficient condition for the prcduction of strong
Thus, absence of saturation does

EDMTION OF ' NOV 63 IS OBSOLETE

DD (i 473

UNCLASSIFIED

75 SECURITY CLASSIFICATION QF THIS PAGE (When Date Entered)



SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)

70 SECURITY CLASSIFICATION OF THIS ®AGE When Date Entered)




SECURITY CLASSIFICATION OF THIS PAGE When Deta Enterod)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
!
ARCCB-TR-89030 i
4. TITLE rana Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
DETERMINATICN OF TRIVALENT CERCMIUM ICNS IN -
CHRCMIUM PLATING SCLUTIONS BRY ULTRAVICLET- T oaal
VISIBLE SPECTROPECTCMETRY 6. PERFORMING ORG. REPQRT NUMBER
7. AUTHOR(S) 8. CONTRACT OR GRANT NUML.Ta)
Samuel Sopok
3. PERFORMING ORGANIZATION NAME ANO ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK

AREA & WORK UNIT NUMBERS
U.S. Army ARLEC

Benet Laktoratories, SMCAR-CCB-TL AMCHS No. £126.23.1BLS.0
watervliet, NY 12189-4050 PRON No, 1A92ZNACNMSC
1 CONTROLLING QFFICE NAME AND ADORESS 12. REPQRT DATE
L.S. Army ARDEC November 1989
Close Ccmbat Armaments Center 13. NUMBER OF PAGES
Picatinny Arsenal, NJ 07806-5000 i3
14, MONITORING AGENCY NAME & ADDRESS/!f different trom Controlling Office) 'S. SECUR'TY CLASS. fof thia report)
CHCLASSITIED
15a. DECLASSIFICATION. DOWNGRADCING
SCHEDULE

6. DISTRIBUTICN STATEMENT rof thia Report)

b

tn

aprrceved Zor cublic release; distributicn unlimited,

<

17 DISTRIBUTION STATEMENT ‘of the sbatract entered in Block 20, {{ different from Report)

8. SUPPLEMENTARY NOTES

Submitted to Plating and Surface Finishing.

19. KEY WNQRDS (Continue on reveree side if necessary and !dentlfy by block numoer)

Chemical Analysis Chromium Plating Sclutiorns
Trivalent Chromium Ions Uv-Visible
Cr(III) Ions Spectrophotometry

20. APSTRACT (Cootinmie an reverse siaw /f neceevary and identify by block number)

The chemical literature lacks a specific and direct analytical method for
adequately monitoring trivalent chromium ions (Cr(III)) in chromium p*ating
sclutions during the plating process. In this report, a specific and direct
method is presented providing acceptakle analysis and monitoring of the
trivalient chromium in this process. The optimum operating ranae of the
trivalent chromium is 7.5 g/1 maximum in the chromium plating solutions. The
resulting precisions are in the range of 0.5 to 1.0 g/1, providinc adequate
monitoring of these solutions supported by four vears of testing.

FORM
DD |, an »» 1473 €01TiON OF 1 HOV 6515 0BSOLETE UNCLASSIFIED

77 SECURITY CLASSIFICATION OF TMIS PAGE 'When Date Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

78  SECURITY CLASSIFICATION OF THIS PAGE/When Daca Entered)




SECURITY CLASSIFICATION QOF THIS PAGE "When Data Entered)

READ INS C S
REPORT DOCUMENTATION PAGE BEF O COMPL B ORM
1. REPORT NUMBER 2. GOVT ACCESSION NOQ. 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89031
4. TITLE rand Subdtitle) 5. TYPE OF REPORT & PERIOD COVERED
DETERMINATION OF PHOSPHCRIC AND SULFURIC ACIDS inal
IN PCLISHING SOLUTIONS BY ACID-BASE TITRATICN ina
CSING A pH M.ETER §. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(as) 8. CONTRACT OR GRANT NUMBER(s)

Samuel Scrok

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
- AREA & WORK UNIT NUMBERS
U.S. Army ARDEC

10N
Benet Lakoratories, SMCAR-CCB-TL ggggswio'liéiééiEQigéo.o
Watervliet, NY 12189-405C No. ZNACNE

11, CONTROLLING CFFICE NAME AND ADDRESS 2. REPORT DATE
C.S. Army ARDEC November 1989
Close Combat Armaments Center 13. NUMBER OF PAGES
Picatinny Arsenal, NJ 0780€-5000 12

4 MONITORING AGENCY NAME & ADDRESS({! dittferent from Controlling Office) 15, SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION, DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT rof this Report)

Agproved for public release; distripution unlimited,

17. DISTRIBUTION STATEMENT (of the abatract entered /n Block 20, !f different from Report)

18. SUPPLEMENTARY NQTES

Zupmitted to Plating and Surface rinisning,

'9. KEY WORDS (Continue on reverse side i necessary and identify by block number)

Chemical Analysis Chromium Plating
Phosphoric Acid Acid-Base Titration
Sulfuric Acid PH Meter

Alloy Steel Polishing Sclutions

20. ABSTRACT (Cootinue an reverse side /f necessary aod {dentily by block number)
The chemical literature lacks an acceptable analvtical method for adequately
monitoring phosphoric and sulfuric acids in alloy steel polishing sclutions
during the polishing process. 1In this report, an improved method is presented
that provides acceptable analysis and monitoring ¢of these acids. The tyvpical
orerating ranges of these acid constituents are 640 to 730 g/l phosphoric acid
and 795 to 895 g/l sulfuric acid. The resulting precisions are in the range cf
G to 8 g/1, providing adeguate monitoring of these polishing solutions
supported by six years of testing.

FORM
DD | jax 72 473 EDITION OF 1 4OV 6515 0BSOLETE UNCLASSIFIED

79 SECURITY CLASSIFICATION QF THIS PAGE When Dars Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

80 SECURITY CLASSIFICATION OF THIS RAGE Wher Dars Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORT NUMBER Z. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-89032
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

CALCULATIONS OF RRAIDING PARAMETERS .
Final

§. PERFORMING ORG. REPQORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(e)

Philip C. Wheeler

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS
U.S. Army ARDEC

Benet Laboratories, SMCAR-CCRB-TL ggoﬁsNio'li;;i;gi&i:éo'OLl
Watervliet, NY 12189-4050 ) © !

11 CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army APRDEC November 1989
Close Combat Armaments Center 13. NUMBER OF PAGES

Picatinny Arsenal, NJ 07806-5000 16

14, MONITORING AGENCY NAME & ADORESS({f different from Controlling Office) 15. SECURITY CLASS. (of thia report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of thie Report)

Approved Zor public release; distribution unlimited,

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, i dl{ferent {rom Report)

18. SUPPLEMENTARY NQTES

19. KEY WORDS (Continue on reverse side | necessary and Identily by block number)
Braiding
Composite
Pesin Applicator System
Fiber-Yolume Fraction

20. ABPSTRACT (Coontfoue em reverss slde /f mecewsary ard ideruity by dlock number)

Braiding is a process in which fibrous strands of material are interlccked and
precisely placed onto a mandrel. Resin may be applied to the fibers prior to
placement onto the mandrel through a resin applicator.

Certain parameters are needed in the braiding process for the operator to

fabricate an item displaying specific properties. Scme of these parameters are

braider speed, mandrel traverse rate, and volume flow rate of the resin and
JCONT'D ON REVERCE)

DD , 23", W73  E=umow oF 1 nov 6315 0BSOLETE UNCLASSIFIED

81 SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ABSTRACT (CONT'D)
the fiber onto a mandrel.

Descriptions and calculations of these parameters are covered in this
rerort.

UNCLASSIFIED

82 SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

MODAL ANALYSIS OF NCNPRISMATIC BEAMS -

Fir
UNIFCRM SEGMENT METHCD nal

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER iZ. GOVT ACCESSION NQ. 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-39033 [
4. TITLE rand Sudtitle) 5. TYPE OF REPORT & PERIOD COVERED

5. PERFORMING ORG. REPORT NUMBER

~

Renaldé 5. Gast and E. 5. Sneck (See Reverse)

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(s)

U.S. Army ARDEC
2enet Labkoratories, SMCAR-CC3-TL
wWatervliet, NY 12189-405(Q

AMCMS

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK
AREA & WORK UNIT NUMBERS

No, 6230.04,4530.°0

PRCN No. 1AS9CZ9CLNMSC

nny Arsenal, NC 078Cé-3000

Tt CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT CATE
C.5. Army ARDEC Jecember 1989
Clcse Cembat Armaments Center 13. NUMBER OF PAGES

28

‘4. MONITCRING AGENCY NAME & ADDRESS(I! gifferent {rogt Controlling Office) 1S. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION DOWNGRADING
SCHEDULE

6. OISTRIBUTION STATEMENT rof thie Report)

acproved Zor public release; distribution unlimited.

7. DJISTRIBUTION STATEMENT (of the abatract sntered In Block 20, !f different from Report)

8. SUPPLEMENTARY NOTES _ . ...

.-

(7]

ubmitted to Journal of Apolied Mechanics (ASME).

'9. KEY W#ORDS (Continue on reverse 3ide {{ necessary and !dentify by block number)
“cdal Analysis
Beam Vibration
Jicration
Structural Dynamics
llumerical Methods

20. ABSTRACT (Comtinue ean reverse side /f neceasary aod identity by dlock number)
A method to determine the free vibration frequencies and
crismatic beams that are end-mounted on various supports
term Uniform Segment Method (USM) is used to distinguish
finite element (FEM) techniques. The analytical details
with a description of the implementing computer routines.

this mcdelling technique are also outlined.

moce shapes of ron-
is described. Th
this method from
are presentec¢ alcng
The results are

compared with fin.te element models. Directions for continued research using

DD , 5" 1473 €oimiom of 1 wov 68 1s oBsoLETE UNCLASSIFIED

83 SECURITY CLASSIFICATION OF THIS PAGE /Whem Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

7. AUTHCRS (CCNT'D)

H. J. Sneck

Department of Mechanical Engineering, Aercnautical Engineering, and
Mechanics

RPensselaer Polvtechnic Institute

Troy, NY 1218C-3590

ard

C.S. Army ARDEC

Close Combat Armaments Center
BRenet Lakoratcries
watervliet, NY 12189-4C50

UNCLASSIFIED
84 SECURITY CLASSIFICATION OF THIS PAGE/When Daeta Entered)




SECURITY CLASSIFICATION OF THIS PAGE /When Data Entered)

REPORT DOCUMENTATION PAGE

1. REPORT NUMBER

ARCCB-MR-89034

READ INSTRUCTIONS
BEFORE COMPLETING FORM

2. GOVT ACGCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle) $. TYPE OF REPORT & PERIOD COVERED

INVESTIGATICN INTO THE FABRICATICN OF A

Final
CCMPCSITE TOP ATTACK RECOILLESS RIFLE

6. PERFORMING ORG. REPORT NUMBER

7. AUTHORC(e) 8. CONTRACT OR GRANT NUMBER(s)

Kevin R. Miner

9. PERFORMING ORGANIZATION NAME ANO ADORESS
U.S. Army ARDEC
Benet Laboratories, SMCAR-CCB-TL
Watervliet, NY 12189-4050

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

AMCMS No. 612716H7
PRON No. Al-9-B9246-AJ-1A

11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army ARDEC December 1989
Close Combat Armaments Center 13, NUMBER OF PAGES

Picatinny Arsenal, NJ 07806-5000 3
14, MONITORING AGENCY NAME X ADORESS(If 2itfarant ‘rom Controlling Offlce) 1S, SECURITY CLASS. (of this report)

UNCLASSIFIZD

1Sa. DECLASSIFICATION: DOWNGRACING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Sistribution limited to US Government Agencies and their contractors only
cecause oI critical technology; December 1989, Other requests for this
document must be referred to Commancder, US Army Armament Research,
Cevelopment, and Engineering Center, ATTN: Benet Laboratories, SMCAR-CCR=-RT,
watervliez, NY 12189-4050.

'7. CISTRIBUTION STATEMENT (of the abatract entered In Block 20, if different rom Report)

acrprcved for gublic release; distribution unlimited.

18, SUPPLEMENTARY NOTES

'9. KEY NORDS (Continue on reverse side i{ necessary and identify by block number)

Pecoilless Rifle
Graphite/Epoxy Ccmposites
Cermposite Materials

Composite Fakricaticn
Filament Winding
Braiding

20. ABSTRACT (Cantinue en reverss oith (! meceesary aad identify by block number)
The fabrication of a lightweicht, expendable recoilless rifle, knocwn as TCPCAT
(Top Attack Consumable Antitank), using composite materials was investigated.
Filament winding and braiding were successfully employed in the constructicn
of several of these shoulder-fired weapons.

Do , 52:".,, 1473 E€01TION OF ! HOV 85 1S 0BSOLETE UNCLASSIFIED

85 SECURITY CLASSIFICATION OF TH!S PAGE (When Daete Entered)




SECURITY CLASSIFICATION OF THIS PAGE When Data Entered)

86  SECURITY CLASSIFICATION OF THIS PAGE/When Date Entersd)




TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

CHIEF, DEVELOPMENT ENGINEERING DIVISION
ATTN: SMCAR-CCB-D
-DA
-bC
-DI
~-DbP
-DR
-0S (SYSTEMS)

CHIEF, ENGINEERING SUPPORT DIVISION
ATTN: SMCAR-CCB-S
-SE

CHIEF, RESEARCH DIVISION
ATTN: SMCAR-CCB-R

-RA

-RE

-RM

-RP

-RT

TECHNICAL LIBRARY
ATTN: SMCAR-CCB-TL

TECHNICAL PUBLICATIONS & EDITING SECTION
ATTN: SMCAR-CCB-TL

DIRECTOR, OPERATIONS DIRECTORATE
ATTN: SMCWV-0D

DIRECTOR, PROCUREMENT DIRECTORATE
ATTN: SMCWV-PP

DIRECTOR, PRODUCT ASSURANCE DIRECTORATE
ATTN: SMCWV-QA

NO. OF
COPIES

— et ek b P

P

— e 2 e N

NOTE: PLEASE NOTIFY DIRECTOR, BENET LABORATORIES, ATTN: SMCAR-CCB-TL, OF

ANY ADDRESS CHANGES.




TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

ASST SEC OF THE ARMY
RESEARCH AND DEVELOPMENT
ATTN: DEPT FOR SCI AND TECH
THE PENTAGON

WASHINGTON, D.C. 20310-0103

ADMINISTRATOR

DEFENSE TECHNICAL INFQO CENTER
ATTN: DTIC-FDAC

CAMERON STATION

ALEXANDRIA, VA 22304-6145

COMMANDER

US ARMY ARDEC

ATTN: SMCAR-AEE
SMCAR-AES, BLDG. 321
SMCAR-AET-0, BLDG. 351N
SMCAR-CC
SMCAR-CCP-A
SMCAR-FSA
SMCAR-FSM-£
SMCAR-FSS-0, BLDG. 94

SMCAR-IMI-I (STINFO) BLDG. 59
PICATINNY ARSENAL, NJ 07806-5000

DIRECTOR

NO. OF
COPIES

12

US ARMY BALLISTIC RESEARCH LABORATORY

ATTN: SLCBR-DD-T, BLDG. 305

1

ABERDEEN PROVING GROUND, MD 21005-5066

DIRECTOR

US ARMY MATERIEL SYSTEMS ANALYSIS ACTV

ATTN: AMXSY-MP

1

ABERDEEN PROVING GROUND, MD 21005-5071

COMMANDER

HQ, AMCCCM

ATTN: AMSMC-IMP-L

ROCK ISLAND, IL 612939-6000

NOTE:

COMMANDER

ROCK ISLAND ARSENAL

ATTN: SMCRI-ENM

ROCK ISLAND, IL 61299-5000

DIRECTOR

NO. OF
COPIES

US ARMY INDUSTRIAL BASE ENGR ACTV

ATTN: AMXIB-P
ROCK ISLAND, IL 61299-7260

COMMANDER

US ARMY TANK-AUTMV R&D COMMAND
ATTN: AMSTA-DOL (TECH LIB)
WARREN, MI 48397-5000

COMMANDER

US MILITARY ACADEMY

ATTN: DEPARTMENT OF MECHANICS
WEST POINT, NY 10996-1792

US ARMY MISSILE COMMAND
REDSTONE SCIENTIFIC INFO CTR

ATTN: DOCUMENTS SECT, BLDG. 4484
REDSTONE ARSENAL, AL 35898-5241

COMMANDER

US ARMY FGN SCIENCE AND TECH CTR

ATTN: DRXST-SD
220 T7TH STREET, N.E.
CHARLOTTESVILLE, VA 22901

COMMANDER

US ARMY LABCOM

MATERIALS TECHNOLOGY LAB
ATTN: SLCMT-IML (TECH LIB)
WATERTOWN, MA 02172-0001

CENTER, US ARMY AMCCOM, ATTN: BENET LABORATORIES, SMCAR-CCB-TL,

WATERVLIET, NY

12189-4050, OF ANY ADDRESS CHANGES.

PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, OEVELOPMENT, AND ENGINEERING




TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

COMMANDER

US ARMY LABCOM, ISA
ATTN: SLCIS-IM-TL

2800 POWDER MILL ROAD
ADELPHI, MD 20783-1145

COMMANDER

US ARMY RESEARCH OFFICE
ATTN: CHIEF, IPO

P.0. BOX 12211

RESEARCH TRIANGLE PARK, NC

DIRECTOR
US NAVAL RESEARCH LAB

NO. OF
COPIES

27709-2211

ATTN: MATERIALS SCI & TECH DIVISION 1

CODE 26-27 (DOC LIB)
WASHINGTON, D.C. 20375

NOTE:

CENTER, US ARMY AMCCOM, ATTN:

WATERVLIET, NY

COMMANDER

AIR FORCE ARMAMENT LABORATORY
ATTN: AFATL/MN

EGLIN AFB, FL 32542-5434

COMMANDER

AIR FORCE ARMAMENT LABORATORY
ATTN: AFATL/MNF

EGLIN AFB, FtL 32542-5434

METALS AND CERAMICS INFO CTR
BATTELLE COLUMBUS DIVISION
505 KING AVENUE

COLUMBUS, OH 43201-2693

NO. OF
COPIES

[ouy

PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
BENET LABORATORIES, SMCAR-CCB-TL,
12189-4050, OF ANY ADDRESS CHANGES.




